WARNING! Hot, molten agarose can scald and it must be handled with care. WARNING! Serious or lethal electrical shock could result if the equipment were to be connected directly to a mains power supply.
Protein power!
Every part of this burger contains proteins. There are proteins in the meat, cheese, bread, lettuce -and even in the seeds on top. Every cell and tissue in your body contains protein too. It's about one-fifth of your total body weight. Proteins are a major part of the structure of your hair, nails and skin. Proteins are also what makes you 'tick'. They work as enzymes to speed up chemical reactions and as hormones and neurotransmitters, carrying vital messages throughout your body.
What are proteins made from?
Proteins are made of long chains of amino acids. There are 20 different amino acids. Rather like the alphabet, these amino acid 'letters' can be arranged to create thousands of different 'words' -that is, different proteins. The sequence of amino acids in the various chains causes them to fold and coil in different ways. It's the 3-D shapes of these chains that allow proteins to perform such a wide range of jobs.
Where do proteins come from?
Plants make their own proteins using nutrients from the soil and carbon dioxide from the air. Animals digest proteins they eat, breaking them down into amino acids. These amino acids are absorbed and reassembled to make the animals' own proteins.
In all living things, the instructions for making proteins are encoded in DNA. We now know a lot about our own DNA and that of other organisms. Increasingly, however, the focus of research is shifting from the instruction manual (the DNA) to the product of those instructions -the proteins.
For instance, powerful computers are being used to try to predict the shape of proteins from their sequences of amino acids. This will help us to understand how proteins work and perhaps more importantly, why they sometimes don't work properly when the shape of the protein is changed. Computer-generated models of proteins (not to scale). 
Ideas for investigations

Separating proteins
Negative electrode A blue marker dye gives proteins a negative charge. The proteins are put into slots or wells at one end of a slab of agarose gel.
Positive electrode
The negatively-charged proteins move through the gel towards the positive electrode
The gel is full of minute holes, so it works like a sieve. Small proteins move quickly; large proteins drag along behind.
After the proteins have been separated, the gel is stained, then washed. The proteins show up as patterns of blue bands.
Electrophoresis (which means 'carrying with electricity') is used to separate proteins or protein fragments of different sizes. This is done by making the proteins move through a porous slab of jelly (gel). The gel is held in a small tank. At one end of the gel are slots into which the proteins are put. An electrical current makes the proteins move through the gel. After electrophoresis the gel is stained, then washed, to reveal the different proteins. Each separate band on the gel is made up of millions of protein molecules of roughly the same size.
You can use this method to compare the proteins that are found in different samples of fish, in seeds or even in biological washing powders or breakfast cereals.
In this work, you will need to measure small volumes of liquid. Label the tube a. Cut two pieces of the carbon fibre tissue. These will be the electrodes at either end of the gel tank. Test that the electrodes fit neatly at the ends of the tank, then take them out and put them to one side. b. Place a 6-toothed comb into the slot at one end of the gel tank, so that the flat side faces the way shown in the picture. Stand the tank on a level surface. c. Taking care not to scald yourself, pour just over 10 cm 3 of molten gel into the tank so that it fills the centre and flows under and between the teeth of the comb. Try not to add too much molten gel -you need a flat gel, not one that curves upwards. If you spill gel into the areas at either end of the tank, just leave it to set -you can scoop it out later once it has hardened. d. Leave the tank undisturbed for 15-20 minutes, until the gel hardens (the gel will turn slightly milky as it sets).
OPTIONAL STEP Boiling the samples 3
You don't need to do this step, but it can help you to obtain clearer results. Why is this?
The heating changes the shape of the proteins so that they unwind and become long chains. All of the proteins end up the same shape, so they will therefore move through the gel according to their size rather than the way they are folded.
a. Check that the tubes are closed tightly and are clearly labelled so that the ink will not rub off . b. Put the tubes into a floating holder, then place them in a boiling water bath or beaker of boiling water for about 3 minutes. Take care not to scald yourself as you do this! c. Take the tubes out of the water and store them in crushed ice until you are ready for the next step.
Preparing the gel 4
You don't need to carry out this step, but it might give you better results a. Remove and throw away the electrodes. Pour away the buffer solution. b. Leave the gel in the tank. Wash the gel with distilled or deionised water, then pour some water into the tank and leave the gel to soak for about 1 hour. Change the water at least once during this time.
It is important to remove as much of the buffer as possible if the proteins are to be properly stained in the next step. c. Shake the stain bottle well. Pour about 12 cm 3 of blue protein-staining solution onto the gel. d. Cover the gel tank with the 6-toothed comb or put the tank in a plastic bag so that the liquid does not evaporate. Leave the tank overnight so that the stain soaks into the gel. The blue stain will bind to the proteins. e. Pour away the blue stain then rinse the surface of the gel very carefully with distilled or deionised water. f. At this point, both the proteins and the gel itself will be stained blue. You now need to remove the stain from the gel so that the protein bands can be seen clearly. Add some distilled or deionised water to the tank and leave it for 4-6 hours. Change the water after 2-3 hours. g. Study the pattern of bands on the gel. The different bands are different proteins (or fragments of proteins). The best results will be seen 24-48 hours after destaining, or even later.
Staining the proteins 7
Place the comb over the tank to reduce evaporation 
TB buffer (Tris-Borate)
When used as directed, this buffer presents no serious safety hazards. Splashes in the eye of on the skin should be washed away promptly with water. Spent buffer can be washed down the drain.
Electrode tissue
The carbon fibre electrode tissue may release small fibres, which can cause minor skin irritation if you handle the tissue a lot. Wear protective gloves if you find the tissue unpleasant to handle. The fibres released are too large to enter the lungs however, so it is not necessary to wear a face mask. In addition, the fibres are soluble in body fluids and are completely biodegradable.
SAFETY GUIDELINES
Electrical supply
WARNING! The gel electrophoresis equipment was designed to be used at low voltages (no more than 36 volts) with dry cell batteries. Under no circumstances should this voltage be exceeded, as the live electrical components are not isolated from the user.
Protein stain (Colloidal Coomassie Blue G 250)
The Colloidal Coomassie Blue is dissolved in water and is safe to handle. It presents no serious safety hazards, although care should be taken to prevent splashes on the skin or eyes e.g., wear protective gloves and safety glasses. Used stain can be diluted with water and washed down the drain.
Blue marker dye (Laemmli buffer)
When used as directed, Laemmli buffer presents no serious hazards. It contains a blue dye, a detergent to give proteins a negative charge and glycerol to make it heavy. Used buffer can be washed down the drain.
